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9-(bromobutyl)-9H-carbazole (II): 1,4-dibromobutane (29.14 g, 135 mmol) was added dropwise to a mixture of 9H-carbazole (15.00 g, 90 mmol) and potassium tert-butoxide (10.07 g, 90 mmol) in tetrahydrofuran (THF, 130 mL). The reaction mixture was heated to 55 °C and stirred under nitrogen atmosphere for 10h. The reaction was followed with thin layer chromatography (TLC). After the reaction was completed, the mixture was allowed to cool down to room temperature and extracted with H2O (100 mL) and DCM (3x 45 mL). Next, the organic layer was dried with magnesium sulfate, filtered and the solvent was removed by vacuum elimination. The residue was purified by flash chromatography (DCM/Petroleum ether 1/5), to obtain II as a colorless solid (74.9%). 1 H NMR (400 MHz, Chloroform-d) δ 8.12 (dt, J = 7.7, 1.0 Hz, 2H), 7.48 (ddd, J = 8.2, 7.0, 1.2 Hz, 2H), 7.41 (dt, J = 8.2, 0.9 Hz, 2H), 7.25 (ddd, J = 7.9, 7.0, 1.1 Hz, 2H), 4.36 (t, J = 6.9 Hz, 2H), 3.39 (t, J = 6.5 Hz, 2H), 2.12 -2.03 (m, 2H), 1.97 -1.86 (m, 2H).
2-((9H-carbazol-9-yl)butyl)isoindoline-1,3-dione (III): potassium phthalimide (25.70 g, 139 mmol) was added to a solution of II (29.20 g, 97 mmol) in dimethylformamide (135 mL, DMF). The reaction mixture was heated to 80 °C and stirred for 6h. Afterwards, the mixture was allowed to cool down to room temperature and aqueous ammonium chloride and chloroform were added. Next, the reaction mixture was extracted with H2O (2x 100 mL) and saturated aqueous natrium chlroide (2x 100 mL). The organic layer was dried with magnesium sulfate, filtered and the filtrate was evaporated by vacuum elimination. (9H-carbazol-9-yl)butyl-1-amine (IV): Hydrazine monohydrate (65 wt. % in H2O, 6.24 mL, 129 mmol) was added to a refluxing solution of III (19.78 g, 53.7 mmol) in ethanol (500 mL) and reacted for 2h. Over the course of the reaction, large white crystals precipitate. After the reaction was completed, the reaction mixture was allowed to cool down to room temperature and the precipitate was filtered off and the solvent was removed by vacuum elimination. Next, the residue was dissolved in chloroform and again filtered. The filtrate was concentrated by rotary evaporation, to obtain IV (78.8%). 1 H NMR (400 MHz, Chloroform-d) δ 8.11 (dt, J = 7.8, 1.0 Hz, 2H), 7.47 (ddd, J = 8.2, 7.0, 1.2 Hz, 2H), 7.41 (dt, J = 8.3, 0.9 Hz, 2H), 7.23 (ddd, J = 8.0, 7.0, 1.1 Hz, 2H), 4.33 (t, J = 7.1 Hz, 2H), 2.69 (t, J = 7.1 Hz, 2H), 1.98 -1.86 (m, 2H), 1.56 -1.47 (m, 2H).
(9H-carbazol-9-yl)butyl-1-ammonium iodide (V): Hydrogen iodide was generated in situ and added to a solution of IV in ethanol at room temperature. Afterwards, the solvent was evaporated. Next, the residue was redissolved in ethanol and precipitated in a large amount of cooled ether. The residue was further purified by recrystallization in ethanol to obtain V as a colorless solid. 1 H NMR (400 MHz, DMSO-d6) δ 8.16 (dt, J = 7.7, 1.0 Hz, 2H), 7.63 (dt, J = 8.2, 0.8 Hz, 2H), 7.54 (s, 3H), 7.46 (ddd, J = 8.3, 7.1, 1.2 Hz, 2H), 7.20 (ddd, J = 7.9, 7.1, 0.9 Hz, 2H), 4.45 (t, J = 6.8 Hz, 2H), 2.77 (t, J = 7.6 Hz, 2H), 1.89 -1.78 (m, 2H), 1.62 -1.46 (m, 2H). Figure S2 X-ray diffraction pattern of a quartz substrate. Figure S4 . SEM pictures of hot-cast films of PEA <n> = 40 (a-c).
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Supporting figures
S5 Figure S5 . Zoom of Figure 3 in the main article to more clearly distinguish the absorption onsets. Figure S6 . Absorption spectra (absorbance over wavelength) corresponding to the Tauc plots in Figure S3 in the main article.
Figure S7
Normalized absorption spectrum of a drop-casted film of the CA-C4 precursor salt, dried at 110 °C for 15 min.
S6
Figure S8 Absorption spectrum of a CA-C4 <n> = 3 film with the excitonic absorption peak positions assigned. The blue line is a guide to the eye.
Figure S9
Tauc plot for CA-C4 <n> = 4 with a tangent intersecting the energy axis, as a representative plot. The formula for the tangent is shown in the plot.
Figure S10
Normalized photoluminescence emission spectra of a drop-casted film of the CA-C4 precursor salt and a (CA-C4)2PbI4 spin-coated film, both dried at 110 °C for 15 min, using an excitation wavelength of 300 nm.
Figure S11
Normalized photoluminescence emission spectra with the excitonic emission peaks assigned to a certain multi-layered perovskite (n). The higher wavelength emission peaks are assigned to quasi-3D perovskites. See Table 4 of the article for the emission peak values of n = 1, 2, 3 and 4. See Table 5 of the article for the emission peak values of these quasi-3D perovskites. Figure S14 Optical pictures of CA-C4 <n> = 40 (top), PEA <n> = 40 (middle) and MAPbI3 (bottom) films, hot-casted at 110 °C, after exposure to 77 % RH.
Figure S15
Optical pictures of perovskite solar cells before (a-c) and after (e-g) being stored in 77 % RH air for 264 h.
